Objectives: Antibiotic overprescribing is a significant problem. Multifaceted interventions improved antibiotic prescribing quality; their implementation and sustainability, however, have proved difficult. We analysed the effectiveness of an intervention embedded in the quality cycle of primary care practice accreditation on quantity and quality of antibiotic prescribing for respiratory tract and ear infections (RTIs).
Introduction
Antibiotic resistance is a worldwide public health problem and resistant microorganisms are increasingly identified in the community. 1 The vast majority of antibiotics are prescribed in primary care and respiratory tract and ear infections (RTIs) are the most common reason for antibiotic treatment in this setting. 2, 3 There is firm evidence that antibiotics are heavily overprescribed for respiratory disease, 4, 5 thereby contributing to resistance development, 6 medicalization of patients and exposure to side effects. These negative effects of irrational antibiotic use result in unnecessary costs and worse outcomes for patients. 7, 8 Primary care guidelines recommend restrictive antibiotic use for RTIs because of their limited treatment effectiveness for these indications. 9, 10 Guidelines furthermore recommend the use of narrower-spectrum antibiotics, like penicillin V and amoxicillin, because of their lower selection pressure. Despite guidelines, public campaigns, surveillance of antibiotic use and awareness of antibiotic-related problems, there seem to be hardly any relevant and sustainable improvements in prescribing quality for RTIs in daily practice, with respect to reducing irrational prescribing, as well as increasing smaller spectrum prescribing. 4,11 -15 In trials, however, multifaceted interventions, especially those including physician education, did improve antibiotic prescribing quality. 16, 17 Implementation of such programmes and sustainability of improvements is, however, often hampered by practicalities. Embedment in a national quality assurance cycle could aid in efficient and sustained uptake. The accreditation procedure, increasingly used in primary care, is an excellent opportunity for this. In the Netherlands, the practice accreditation of the Dutch College of General Practitioners [Netherlands Practice Accreditation (NPA)] offers a 5 year cycle to systematically improve quality of care and practice organization. By complying with self-evaluation, improvement plans, monitoring systems and yearly audits, practices receive the NPA quality mark.
We embedded a multifaceted intervention to improve antibiotic prescribing for RTIs in the NPA quality cycle, by defining and facilitating audit of practice-specific improvement plans. Effectiveness with respect to improving appropriate prescribing (according to the specific recommendations of the guidelines) and reducing overall and non-first-choice antibiotic use were analysed for up to 2 years after the intervention.
Methods

Study design, setting and participants
This open, pragmatic, cluster-randomized intervention trial ran in 88 primary care practices participating in the NPA. These could be single-handed, two-handed or group practices; in total 169 general practitioners (GPs) were involved. Practices, not individual GPs, were randomly allocated (using a web-based randomization module hosted by the data-management department) to an intervention to optimize antibiotic prescribing for RTIs [in which we also included acute otitis media (AOM)] or to an intervention to reduce chronic use of proton pump inhibitors for reflux disease (simple randomization, 1:1 ratio). GPs in the practices were informed about their allocation after they had promised to participate. Practices in the two trial arms served as each other's controls. The trial ran between 2009 and 2013 (trial stop: 2 years after the last educational meeting).
Ethics approval
The trial was exempted by the Ethics Committee of the University Medical Center Utrecht from obtaining patients' consent and full protocol delivery (reference number METC 07-293/C). As the trial assigned GPs with the aim of changing their prescribing behaviour and did not analyse or include patients' health outcomes, it did not fall under the Medical Research Involving Human Subjects Act.
Aims and study outcome measures
The overall aim of this study was to improve GPs' antibiotic prescribing policy for RTIs, with the specific aims of decreasing overprescribing, as well as non-first-choice (macrolides and amoxicillin/clavulanate) prescribing. To analyse the effectiveness of the intervention, the following outcome measures were determined at the level of the practice: (i) Primary outcome: change in the total numbers of dispensed antibiotic courses/1000 registered patients/year, from baseline to year 1, and from baseline to year 2. (ii) Secondary outcomes: changes in the numbers of dispensed courses of specific subgroups of antibiotics/1000 registered patients/year and overprescribing, underprescribing and non-first-choice prescribing of antibiotics.
A tertiary outcome was GPs' opinions about the intervention and its embedment in the NPA.
Sample size calculation
The primary outcome of this study was the change in antibiotic prescription from the year prior to the intervention to the year after the intervention, as measured per practice. We assumed a baseline level of prescribing of 300 antibiotics/1000 registered patients/year and that the intervention results in a decrease of at least 5% in antibiotic prescribing and no change in control practices. 17 A standard deviation of 7% was assumed for these changes based on literature data. 17 Using these assumptions, 42 practices are needed per group to detect this difference at an a level of 0.05 with a power of 90%. To account for possible drop-outs or missing pharmacy data, we aimed at including 88 practices.
Data collection
(i) Practice and individual GP characteristics were obtained via a short questionnaire before the start of the trial. As an indicator of the socioeconomic status (SES) of the practice's patient population, the mean SES code was determined using the zip code of the practice (The Netherlands Institute for Social Research, http://www.scp.nl/english). (ii) Total and types of yearly dispensed antibiotic courses were collected via the Dutch Foundation for Pharmaceutical Statistics (SFK, http://www. sfk.nl/english); this could only be done at the level of the practice. The SFK collects and analyses pharmaceutical dispensing data of 95% of Dutch public pharmacies monthly. Affiliated pharmacies of all participating practices were asked for permission to collect all dispensed antibiotics that resulted from prescribing by the GP(s) of that practice. Dispensed medication coded with ATC-code J01 (antibacterials for systemic use, http://www.whocc.no/atc_ddd_index/) were collected via an online module for the exact year preceding the educational meeting (year 0) and for the exact 2 years after the meeting (year 1 and 2). J01 data were analysed in total and for the subgroups used for RTIs [tetracyclines (A), amoxicillin (CA), amoxicillin/clavulanate (CR), phenethicillin (CE) and macrolides (FA)] and were related to the number of registered patients in the practice. We did not analyse the impact of the intervention on fluoroquinolone and cephalosporin prescribing, as ,7% of prescribed fluoroquinolones are for RTIs 3 and cephalosporins only account for 0.2% of total antibiotic prescribing in the Netherlands. Numbers of registered patients were updated every year. (iii) To specifically determine antibiotic prescribing quality for RTIs, all GPs in the antibiotic intervention group registered all their RTI consultations for 4 weeks. All relevant patient, symptom and clinical investigation characteristics were registered on a specifically designed form. Every single consultation was benchmarked to the recommendations of the Dutch College of General Practitioners prescribing guidelines for AOM, rhinosinusitis, acute sore throat and acute cough, to determine overprescribing, underprescribing and non-first-choice prescribing. This procedure was described in full detail by Dekker et al. 5 and a summary of the guidelines is provided as Supplementary data at JAC Online. In the first registration a total of 2732 consultations (from 45 practices) were analysed and 2503 (from 43 practices) were analysed in the second registration period. As total antibiotic prescribing was analysed at practice level, overprescribing, underprescribing and non-first-choice prescribing were also calculated at the level of the practice. To prevent GPs in the control group from becoming focused on their antibiotic prescribing, they did not do this 4 week registration of RTIs. (iv) GPs' opinions about the relevance of the separate elements of the multifaceted intervention were obtained by a questionnaire distributed at the end of the trial.
Intervention
The multifaceted intervention on improving antibiotic use for RTIs was based on a combination of previously proven effective elements, GP education, audit/feedback and patient information, 16 -18 which we integrated in the NPA with an improvement plan. GP education was not specifically based on behavioural change frameworks, but contained elements we considered useful and informative for GPs. The following is a description of the elements of the 'antibiotics for RTIs' intervention.
(i) Participation of all GPs in the 4 week registration of all their RTI consultations, as described above. (ii) A 60-90 min educational meeting at practice level, with all GPs working in that practice (one to six) in one session. First, the specific contents and backgrounds of the four Dutch College of General Practitioners guidelines (AOM, rhinosinusitis, acute sore throat and acute cough) with respect to diagnosis and antibiotic prescribing were presented; these were all preceded by a patient case to open van der Velden et al.
the discussion. Second, antibiotic-related problems (resistance, medicalization, unnecessary side effects and costs) were discussed. Third, the reasons for patient consultation for an RTI and patient satisfaction after an RTI consultation were clarified. The GPs were provided with communication tools to explore patients' concerns and patient expectations around antibiotics and to communicate their non-antibiotic treatment decision (resistance, antibiotics can do more harm than good, number needed to treat to benefit). Finally, detailed feedback on the amounts and types of antibiotics they prescribed in the year prior to the meeting, together with detailed analyses of their overprescribing, underprescribing and non-first-choice prescribing, was provided; their results were discussed and interpreted. (iii) After the educational meeting, an improvement plan to optimize antibiotic prescribing for RTIs was defined by the GPs for their practice. Depending on the focus points identified during the meeting by the feedback and the interests of the GPs, focus could be on reducing total amounts of (non-first-choice) antibiotics and/or on reducing overprescribing for specific indications (with numerical targets). (iv) Patient booklets with information on symptomatic treatment, natural course and alarm symptoms of RTIs were given by the GPs to patients presenting with RTIs or their parents, and were also available in the waiting room. (v) All individual GPs participated in the second 4 week registration of RTIs, 10 -12 months after the educational meeting. Together with analyses of the amounts and types of all antibiotics dispensed in the year after the educational meeting, this was used as feedback for the practices. In this way they could determine whether the targets as specified in their improvement plan were reached.
Analyses
Practices' and GPs' quantitative and qualitative baseline characteristics and the opinions of GPs about the intervention are presented as means, with minimal and maximal values, and percentages. The intervention effects were determined with the practice as the unit of analysis. For each practice, the absolute changes in dispensed antibiotics were calculated as the numbers of dispensed antibiotic courses/1000 registered patients/year during year 1 (or 2) minus the numbers of dispensed antibiotic courses/1000 registered patients/year during year 0; for changes as percentages, these numbers were divided by the numbers of dispensed antibiotic courses/1000 registered patients/year during year 0 and multiplied by 100%.
For each practice, overprescribing was calculated as the percentage of non-indicated prescriptions, and this was also analysed separately for AOM, sore throat, rhinosinusitis and acute cough. Underprescribing was calculated as the percentage of non-prescriptions in which an antibiotic was actually indicated. Non-first-choice prescribing was the percentage of prescriptions other than the recommended first choice, without a specified reason, like allergy, pregnancy or breast feeding. 5 Student's t-test was used to analyse differences in the percentage changes in antibiotic prescribing between practices in the intervention and control groups. To assess changes in overprescribing, underprescribing and non-first-choice prescribing within the antibiotic intervention group, a paired-sample t-test was performed. Pearson's correlation test was used to determine whether the magnitudes of change in antibiotic use were related to baseline prescribing quantities. P values ,0.05 were considered significant. Analyses were performed using SPSS version 20.
Results
Practice flow and practice and GP characteristics
After randomization and the educational meeting two control practices were excluded from analyses, because their pharmacy's dispensing data could not (reliably) be obtained, leaving 86 practices completing the study (165 GPs). All GPs participated in the educational meeting and all practices defined their improvement plan. GPs of two practices randomized to the antibiotic intervention did not participate in the second registration of RTIs, 1 year after the intervention, due to illness; specific overprescribing data are missing for these practices, but their pharmacy data could be used to determine intervention effectiveness. Two practices, one from each trial arm, were removed from the second year pharmacy's analysis, due to new GPs running the practice (see the CONSORT flow diagram in Supplementary data at JAC Online).
Baseline practice and GP characteristics are shown in Table 1 . Practices in both groups were comparable with respect to their patient population (size and SES), practice organization and geographical location within the Netherlands. Various GP characteristics were also comparable.
Baseline antibiotic use and prescribing characteristics
In the year preceding the intervention a total of 280 antibiotic courses were dispensed during the daytime per 1000 registered patients of practices in the antibiotic intervention group, with considerable variation between practices. Almost 40% consisted of first-choice antibiotics for RTIs (tetracyclines, amoxicillin and phenethicillin) and 24% were amoxicillin/clavulanate and macrolide treatments. Comparable use was seen in the control group ( Table 2 ). The specific registration of RTI consultations revealed that antibiotic overprescribing for RTIs had a practice-based mean of 44%, with a range between 0% and 89%. Lowest Means with ranges and percentages are shown for each randomization group. Control practices participated in the proton pump inhibitor intervention.
overprescribing was seen for AOM and highest for the upper RTIs. Non-first-choice antibiotic prescribing (mostly macrolides and amoxicillin/clavulanate) had a practice-based mean of 22% and underprescribing of 2.9%.
First-year effectiveness of the intervention
After 1 year, the intervention showed significant effectiveness on all relevant outcomes ( Table 3 ). The most significant change was seen in macrolide and amoxicillin/clavulanate use, which decreased by a mean of nearly 13% in practices in the antibiotic intervention group, whereas a mean increase of 3% was seen in control practices (P ¼ 0.001). Within the antibiotic intervention group, the magnitudes of decreases in amoxicillin, doxycycline and phenethicillin use (27.7%) and in amoxicillin/clavulanate and macrolide use (212.7%) were both correlated to their respective baseline quantities (correlation coefficients: 20.3, P ¼ 0.04, and 20.36, P ¼ 0.01, respectively); the largest decreases in antibiotic use were therefore seen in practices with higher baseline use. Within the control group no significant correlations were found between magnitudes of decreases and baseline quantities. Furthermore, the intervention decreased overprescribing for RTIs from a practice-based mean of 44% to 28% (P, 0.001)-the decrease was most prominent in prescribing for rhinosinusitis and lower RTIs. The magnitude of decrease in overprescribing due to the intervention was again highly correlated to the practices' level of baseline overprescribing (correlation coefficient: 20.7, P,0.001). Of interest for prescribing quality was that underprescribing for RTIs significantly improved as well.
Second-year effectiveness of the intervention
To investigate the sustainability of the intervention effect, the changes in numbers of dispensed antibiotics were also analysed for the second full year after the intervention (Table 4) . With respect to the total numbers of dispensed antibiotics and to the use of macrolides and amoxicillin/clavulanate, an enduring significant difference was detected between the intervention groups. As a measure of real antibiotic saving, we also analysed the absolute change in the numbers of dispensed RTI antibiotic courses. Seventeen fewer RTI antibiotic courses were dispensed per 1000 registered patients from intervention practices during the second year after the intervention (range: 290 to 34), whereas from control practices 3 more were dispensed (range: 245 to 86). This resulted in an absolute change of 20 antibiotic courses/1000 registered patients/year.
Appreciation of the antibiotic intervention
Of the elements provided in the multifaceted intervention, the educational meeting and the yearly feedback were regarded as most useful (Table 5) ; this feedback was used for the definition Percentage changes in the numbers of dispensed antibiotics/1000 registered patients/year were based on complete years before and after the educational meeting (total of .80000 dispensed antibiotics/year). Practice-based mean values with ranges are shown.
a
The pre-and post-intervention mean values for overprescribing, underprescribing and non-first-choice prescribing are shown; data are based on a total of 5235 registrations by GPs of 43 practices.
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and evaluation of the practice-specific improvement plans. Most GPs envisaged that education around guideline implementation could be integrated in the practice accreditation; they would like to receive this kind of education personally with their practice colleagues or in a larger group.
Discussion
Principal findings
Our intervention embedded in the practice accreditation of the Dutch College of General Practitioners (NPA) reduced overall antibiotic use and specifically decreased overprescribing for RTIs.
Prescribing of non-first-choice antibiotics for RTIs (amoxicillin/clavulanate and macrolides) also significantly decreased. At least part of the intervention effect seemed sustainable, as differences between intervention groups were still present two full years after the intervention. The innovative features of our study are (i) providing specific feedback on overprescribing and underprescribing, using guideline benchmarking; (ii) using a new structural element for embedment, the NPA, with the aim of facilitating national implementation and enhancing sustainability. Notably, variation in antibiotic prescribing quality and quantity was considerable between practices, and our intervention was most effective in high-prescribing practices.
Strengths and weaknesses of the study
To evaluate our intervention, we used the optimal study design, a randomized trial, including pre-and post-intervention measurements of both the intervention and the control group. Second, we benchmarked inappropriate (non-)prescribing using the GP's own consultations and patient population, and provided this as personalized feedback. Third, the education was built around existing guidelines of the Dutch College of General Practitioners and comprised the whole entity of RTIs, including AOM, covering all age categories. Such an intervention is expected to have a broader effect on antibiotic use in the community than interventions focusing on a specific infection or age group. Fourth, the largest reduction in antibiotic use was obtained by practices with relatively high baseline prescribing. It therefore appears that GPs in these practices were open, motivated and capable of changing their prescribing behaviour. The largest effects on community use can thus be obtained if interventions and programmes specifically target the high-prescribing physicians. This is also promising when envisaged in a broader context. The Netherlands is among the lowest antibiotic-prescribing countries in Europe. As our study showed that the highest-prescribing GPs responded best to this intervention, education and feedback adapted to other national guidelines-embedded in a quality structure when available-is probably also effective in high-prescribing countries. Some possible limitations should be mentioned. The primary outcome was the number of dispensed antibiotics/year. It could be that physicians prescribed more, but that patients did not collect their medication, or that patients did collect their medication, but did not (completely) use it. 19 We, however, expect these effects to be similar in both arms, thereby not influencing the intervention effect. Second, the collection of dispensing data from the pharmacies did not allow for the analysis of prescribing outcomes for individual prescribers within a practice, and therefore we used the practice as the unit of analysis. Third, benchmarking of RTI consultations was only done in the 'antibiotic arm' and therefore specific overprescribing data from the control group are lacking.
Comparison with existing literature
Numerous intervention trials also combining known effective elements into multifaceted interventions have been extensively reviewed. 16 -18 The overall conclusion was that active clinical education, audit/feedback, as well as training in communication skills, 20 seemed to be the most efficient elements in reducing antibiotic use. We also used these elements and showed favourable effects on all outcomes.
In most trials, however, the intervention effect often gradually declined after active involvement of academic researchers ended, and national implementation programmes are rare. 16, 18 By embedment in practice accreditation, we aimed to make use of an established quality structure within primary care. This should help to maintain GPs' focus on the subject and help them to reflect on their own prescribing behaviour as long as possible. Defining and yearly evaluation of the improvement plan targets was expected to aid in this process. It seems that prolonged and repeated attention by using the NPA quality assurance cycle explains the favourable and prolonged results of this intervention.
Most earlier studies assessed volumes of prescribed (subtypes of) antibiotics and/or prescribing percentages. This harbours the potential danger of resulting in underprescribing. It was indeed shown that decreases in antibiotic use were accompanied by an increased incidence of pneumonia and risk of hospitalization. 20, 21 Specific analyses of overprescribing and underprescribing are crucial in determining prescribing quality, and were to our knowledge not incorporated in earlier interventions. Favourable effects on overall prescribing, as well as on overprescribing and underprescribing, are of pivotal importance in optimizing patient treatment.
The literature also shows that the use of point-of-care tests, like Strep A or C-reactive protein (CRP), effectively decrease antibiotic use. 22 At the time we conducted our study, neither
Step A nor CRP tests were performed at the point of care in the Netherlands. Recently, CRP testing was introduced for specific groups of patients with lower RTIs.
Implementation
Education and feedback were provided during face-to-face meetings led by an academic, which is most likely not feasible or costeffective for national implementation. Especially within practice accreditation, however, we see numerous feasible possibilities for full and lasting national implementation of this intervention. The Dutch College of General Practitioners has already developed a large number of personal e-learning modules, which can be supplemented with a module on appropriate prescribing for RTIs. In a recent international trial we showed that internet-based education is effective. 20 With respect to feedback, NPA practices collect pharmacy data on a number of medication groups, including antibiotics, at least yearly. For specific analyses of prescribing quality, prospective registration of the necessary signs, symptoms and patient characteristics is needed. Scandinavian primary care has developed easily applicable built-in modules that automatically allow benchmarking of the prescribing decision. 23 The current global situation of antibiotic overuse shows that achieving sustainable changes in clinical antibiotic prescribing behaviour is a complex goal. Our multifaceted intervention, embedded in primary care practice accreditation, offers an effective strategy to sustainably improve antibiotic prescribing quality for RTIs. The education and specialized audit/feedback can be computerized, and integrating these IT facilities with improvement targets in a quality management structure needs to be further developed and facilitated. Such integrated packages could also be used to improve prescribing quality of other medication groups.
